Abstract. High knee movement in place is a common exercise of physical education in school. However, in traditional testing of high knee motion, manual counting consumes a lot of manpower and time, and it entails the high professionalism of referees. The present paper presents a strategy to reduce the error of counting and save manpower by using somatosensory technology and Kinect equipment. In this study, the researchers designed and developed a real-time detecting system that can track the skeleton information of objects, and then perform action recognition and counting. In repeated experiments, the system accurately obtained the skeleton information of the human body, and made valid count in high knee movement. It is envisioned that this real-time detecting system of high knee movement will open new possibilities for the way of counting in sports testing.
Introduction
High knee movement is an important aerobic exercise to improve respiratory and cardiopulmonary function. It enhances the leg strength, improves the joint flexibility, and exercises the whole body. In the high knee movement examination, the high professionalism of referees required, and the accuracy of traditional way of counting is difficult to guarantee. Besides, it consumes a lot of manpower and resources. On this account, using the computer technology in physical education has become increasingly important. The computer programs used in the physical education of students will greatly enhance the efficiency and arouse the curiosity of children, which will benefit their physical and mental growth. The real-time detection system of high knee movement presented in the present paper is widely applicable. The system can be used to adjust the normative action of high knee in children's physical education. It can be used to test whether the children can do it or not after the essentials of high knee movement are introduced to them. The system will not count unless the children meet the standard of the movement. The present paper probes into how the Kinect equipment is to be used to track the testers' actions, detect their high-knee movement and do counting in set time.
Standard of Action Recognition Based on Kinect SDK in High Knee Movement
The purpose of designing this system is to effectively assist the counting in the high-knee sports test and to ensure that objects act normatively, and hence to improve their physical quality. In order to stimulate object's enthusiasm for the movement, the eligibility criteria for high leg movements can be modestly relaxed. When an object lifts their knees, the vertical distance from the knee to the ground is related to many factors such as height, flexibility, surface slope and so on, which are not easy to control. A group of testing people have difference height and age. Through the testing, we need to establish high-knee criteria which is universally applicable. Only in the way, the scientific and accuracy of the test can be improved. In this study, Kinect SDK's skeleton recognition was used to measure and record the vertical distance from the knee to the ground, and the vertical distance between the hipbone and the tester's head. The results are crucial for motion recognition and exact count based on Kinect in high knee movements. At the same time, the height of the object was recorded. A total of 20 persons of different ages and genders were tested in this experiment, including 11 females and 9 males. The age composition is shown in Table 1 . Each experimenter was required to do continuous high knee movements within 10 seconds. Ten times of the movements which are in the middle of the experiment are selected during the testing. We took the average of 10 times as the final data which is regarded as the experimental data.
Combined with the data and common sense, it was found that object's height of high knee movement is often related to his height. In our research, we used Kinect to record the vertical distance from the knee to the ground (a represents this distance), and the vertical distance between the hipbone and the tester's head (b represents this distance). And then we computed the difference between a and b. The result is c (c represents the difference between a and b). We used this distance (c) divided by tester's height, then we got a ratio. The algorithm for the ratio is shown in Figure 1 . This data is used as the criterion to determine whether high knee movement is acceptable. The data obtained is shown in Table 2 . According to Table2, among the 20 participants in the measurement of high knee movement，the ratio of the minimum number is 0.123, the maximum value is 0.278. In our research, we designed that 80% of the testers can meet the requirement. The required and the most suitable ratio is 0.200. When the ratio is 0.200 or below 0.200, the action of high knee is qualified. When the ratio is more than 0.200, the action of high knee is not qualified. In the experiments of high knee movement, choosing the ratio of 0.200 as the action criterion is in line with the actual needs. It can motivate objects' enthusiasm to participate the high knee movement. It can also keep them interested in the movement.
The Function Implementation of Motion Recognition & Count Based on Kinect in the System
Based on the system development environment of Microsoft Visual Studio 2010, we used the Kinect SDK for Windows, and c # language to develop this system. Firstly, we selected Dispatcher Timer as the timer module in the system. Secondly, the timer module is bound to the action identification module. Finally, test results were stored and shared with others. The main workflow of the system is shown in Figure 3 . In this study, the real-time detection system of high knee movement included two main interfaces: recognition & counting interface and operation interface of the test result. The two interfaces connect with the timing link. Objects could independently control the start and end of timing. According to eligibility criteria of the high knee, the testers' skeleton information was identified by Kinect, and the identification module calculated and analyzed the obtained data to identify high knee movement and count it.
According to the eligibility criteria based on above experimental results, the identification module obtained the human skeleton information. Relying on them, the system calculated and analyzed the obtained data in high knee movement. Then the object's high knee movements were identified and counted within the set time. The test results were displayed after the timer was finished. If the objects are satisfied with the test results, they can choose to share or store the results. If the objects are not satisfied with the result, the test can be retested. And the object does not need to re-enter the student ID. The system operators may choose to test the next one or close the system after a test is completed.
Data Acquisition and Processing Based on Kinect in High Knee Movement
Motion recognition of high knee based on Kinect consisted of three main modules: data acquisition, data processing and feature amplification, motion recognition of high knee. The Kinect device can provide multiple forms of information such as color image, depth information and human joints 3d information, which can be used by developers. The collection of these data needs to be carried out under the framework of the program OpenNI, which is a standardized development platform. OpenNI is compatible with a variety of somatosensory devices, including Kinect. In this study, we used the function of skeletal analysis in OpenNI to develop and design the experimental system of motion recognition in high knee movement based on Kinect. Figure 4 is an application framework based on OpenNI.
In order to use the data interface provided by OpenNI itself, we developed the application layer of the system. The OpenNI interface layer is the main framework part of OpenNI，which can be both downward compatible devices and supported by middleware components for specific devices .Device layer is mainly connected with the system hardware devices, such as Kinect and so on. Researchers can use OpenNI to capture color images, depth information and three-dimensional information of human joints. The specific process shown in Figure 5 . 
Motion Recognition of High Knee Based on Kinect
The latest version of Kinect SDK provided a skeleton tracking tool, which can collect joint information in the form of points. And this information was collected in key frames. In each frame, the tool estimated and collected the location of 20 points. When the skeleton was tracked by the Kinect, the first feature that can be magnified is the position of the joint. Because each joint has three coordinate values, each of which consists of 20 joints. Therefore, the eigenvector has 60 dimensions. When dealing with pre-defined gestures, we can choose important joints to represent these gestures. As shown in Figure 2 , we observe that 10 joints (A, B, C, D, E, F, G, H, S and Q) are the most important joints that representing high knee movements. By collecting the information of these joints, different angles can be calculated, which can be used as a basis for determining the action of raising the knees.
In this paper, HMM model was used to track and identify high knee movements. According to the human body skeleton information and depth information, the system can calculate object's posture characteristics and movement characteristics. The system then incorporated the information as a whole feature of action. This is used as a criterion to determine whether high knee movements are eligible.
Timer Module of High Knee Recognition Based on Kinect
In order to complete the count of qualified action within the specified time, we designed a timer module in the system. Dispatcher Timer is a suitable timer, which runs fast and save resources. High-lift knee movement is intense physical activity, so the movement duration is relatively short. As a result, our system choice Dispatcher Timer as a timer. The system also set the animation of jitter and enlarge in the timer module. In the X, Y direction, the zoom effect is added in the system. And the system calls the BounceEase () function to add a jitter effect to the timer. In this study, the rule setting of the test system is to be counted only when the high knee action conforms to the standard. Therefore, the timer module is bound to the action identification module. The Kinect device refreshes at 30 frames per second. Each frame of image capture 20 joints of the coordinates of the position data. In real-time gesture recognition, the Kinect collects 60 frames of coordinate data and is sent to the classification model to identify the skeletal posture of each frame. The Boolean variable action gate is used as the control door to prevent a repeat count in a qualified high-lift leg. Action gate was opened, and as soon as one of the high legs was qualified, Action gate was shut down and counted. Action gate will only reopen after this high leg lift.
Storage and Sharing of Test Results
Since the test results of this system are only used to store the number and test scores of the tested objects, the data should not be sorted and inquired. The system has a smaller data store, so select the most time-saving and space-saving way of storing it: write directly to the file using c # file stream. After storing the test results, the experiment also designed and established the sharing interface. On this interface, the tester can see the number and test scores entered before. This system can save the interface of the display score as the image format for sharing test results with others.
Conclusion
Our research presents a novel way to perform real-time detection and counting of high knee movement. The real-time detection system can not only recognize the correct action, but also do counting it. Moreover, the system can greatly stimulate object's enthusiasm for the movement through sharing the test results. Therefore, the newly designed system is application a wonderful choice in the field of physical education.
